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1 , 2 $i$ ’ $z$
$r,$ $z$ $pi$ (z, $r,$ $t$), $v_{r}^{(i)}(z,r,t),$ $v^{()}i(z, r,t),$ $(i=1,2)$
, , $p_{3}$ $v_{z}^{(*)}.=V_{\dot{l}},v_{t}^{(\dot{*})}=0$
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$r=R.(z, t),$ $(i=1..3)$ $R_{i}=R_{i0}$ $i$
$\rho_{\dot{l}}$ . $\sigma 01,$ $\sigma$12, \sigma
[ $r$ $R_{1}$ (z, $t$) $R_{2}$ (z, $t$) $R_{2}(z, t)$ $R_{3}$ (z, $t$)
$\int_{R}^{R+1}\dot{.}.\frac{\partial}{\partial r}(rv_{r}^{(\dot{\iota})})dr+\int_{R}^{R_{*+1}}.\cdot.\partial$\sim$)rdr=0$ (1)
$\int_{R_{i}}^{R}\cdot.+1\frac{\partial v_{z}^{()}}{\partial t}rdr+\int_{R}^{R_{*+\iota}}.\cdot.\frac{\partial v_{z}^{(\dot{*})2}}{\partial z}rdr+\int_{R}^{R}.\cdot.+1\frac{\partial}{\partial r}(rv_{t}^{(\dot{l})}v_{r}^{(\dot{l})}).dr=-\int_{R}^{R}.\cdot\cdot.+1\frac{1}{\rho_{1}}.\frac{\partial p^{(1)}}{\partial z}.dr$ (2)
$\int_{R}^{R}:+1\frac{\partial v_{r}^{(\dot{l})}}{\partial t}rdr+\int_{R_{l}}^{R+1}.\frac{\partial}{\partial r}(rv_{r}^{(1)2}.)dr+\int_{R_{l}}^{R}.+1\frac{\partial}{\partial z}(v_{z}^{(\dot{l})}v_{r}^{(\dot{l})})rdr=-\int_{R}^{R}.\cdot‘+1\frac{1}{\rho-}i_{rdr}^{()}\partial p\partial r$ (3)
$v$S1) $(R_{1})= \frac{\partial R_{1}}{\partial t}+v_{z}^{(1)}\frac{\partial R_{1}}{\partial z}$ , $v$S1)(R$2$ ) $= \frac{\partial R_{2}}{\partial t}+vS1)_{\frac{\partial R_{2}}{\partial z}}$ (4)
$v_{r}^{(2)}(R_{2})= \frac{\partial R_{2}}{\partial t}+v_{z}^{(2)}\frac{\partial R_{2}}{\partial z}$, $v_{r}^{(1)}(R_{3})= \frac{\partial R_{3}}{\partial t}+v_{z}^{(3)}\frac{\partial R_{3}}{\partial z}$ (5)
$p^{(1)}(R_{1})=$ $-\Delta p_{1}$ , $p^{(2)}(R_{2})=p^{(1)}(R_{2})-\Delta p_{2}$ , $p^{(2)}(R_{3})=p_{3}+\Delta p_{3}$ (6)
$\Delta p$: ,








2: $v_{r}$ (r) $p(r)$
. $v_{z}$ $r$ ( ) $v_{z}^{(\dot{*})}$ (r, $z,$ $t$) $=v_{z}^{(\dot{\mathrm{r}})}(z, t)$. $v_{r}^{(\cdot)}.,p_{1}$. $r$
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& , 1 2
$P(z, t)$
$P(z, t)= \frac{1}{2}(p^{(1)}(R_{2})+p^{(2)}(R_{2}))$ (9)
$P$
$p^{(1)}(R_{1})=$ $-\Delta p_{1}$ , $p^{(1)}(R_{2})=P+ \frac{\Delta p_{2}}{2}$ (10)
$p^{(2)}(R_{2})=P- \frac{\Delta p_{2}}{2}$ , $p^{(2)}(R_{3})=p_{\mathit{3}}+ \frac{\Delta p_{2}}{2}$ (11)
$f$ ( $f=v_{z}^{(\dot{\cdot})},$ $v^{(\dot{*})},,p$(i))
$\overline{f}=\int_{R_{i}}^{R}\cdot.+1f$r $dr/ \int_{R}^{R_{*+1}}.\cdot rdr$
$\overline{v_{z}}^{(:)}(z, t)$ .– $v$s)(z, $t$) (12)
$\overline{v_{r}}(0(z, t)$ $=$ $\frac{1}{2}(v\mathrm{p}_{(!+1}\mathrm{i})I)+v\leqq^{\ovalbox{\tt\small REJECT})}(I!))+\frac{1}{6}.\frac{R_{*+1}-R_{\dot{*}}}{R_{\dot{*}+1}+R}.(v_{r}^{(\dot{*})}(R.+1)-v_{r}^{(*)}.(R.))$ (13)
$\overline{p}^{(:)}(z, t)$ $=$ $\frac{1}{2}(p^{(\dot{*})}(R.+1)+p^{(,z^{:}\dot{*})}(R.))+\frac{1}{6}..\frac{R_{+1}-R}{R_{+1}+R}..(p(0(R_{+1}.)-p^{(i)}(R.))$ (14)
$\overline{v_{z}}^{(\dot{l})},\overline{v_{r}}^{(\dot{*})},\overline{p}^{(*)}$
.
$\Delta p^{()}\dot’=p^{(:)}(R^{i+1}\mathrm{L}^{-p^{(}}\Delta^{1}.)R$:), $\Delta v_{r}^{(-)}=v^{(\dot{\iota})},(R^{*+1}.)-$
$v_{r}^{(i)}(R^{*}.)$ , $v_{z}^{(1)},$ $v_{z}^{(1)},$ $v_{r}^{(1)},v_{f}^{(2)},$ $\Delta v_{t}^{(1)},$ $\Delta v_{r}^{(2)},$ $R$1, $R_{2},$ $R\mathrm{a}$
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$p^{(2)}(R_{3}),p^{(2)}(R_{2}),p^{(1)}(R_{2}),p^{(1)}(R_{1})$ 2
$\frac{\partial v_{z}^{(i)}}{\partial t}+v_{z}^{(i)}\frac{\partial v_{z}^{(\dot{\mathrm{s}})}}{\partial z}$
$=$ $- \frac{1}{\rho_{\dot{l}}}\frac{2}{(R_{i+1}^{2}-R_{\dot{l}}^{2})}\frac{\partial}{\partial z}(\frac{(R_{\dot{\alpha}+1}^{2}-R_{i}^{2})}{2}\overline{p^{(\dot{\iota})}})$
$+ \frac{1}{\rho_{*}}.,\cdot\frac{2}{(R_{+1}^{2}-R_{\dot{*}}^{2})}(\frac{\partial R_{i+1}}{\partial z}p^{(:)}(R_{*+1}.)-\mathrm{i}_{\mathrm{P}^{(:)}}\partial R\partial z$ (R )(15)
$\frac{\partial\overline{v_{r}^{(\cdot)}}}{\partial t}.+v^{\mathrm{t}}\dot{i}^{)}\frac{\partial\overline{v_{r}^{(\dot{*})}}}{\partial z}=-\frac{1}{\rho}.\frac{2}{(R_{1+1}^{2}-R_{\dot{\iota}}^{2})}(p^{(:)}(R.+1)-p^{(:)}(R.))$ (16)
$\frac{\partial R_{1}}{\partial t}$ $=$ $-v_{z}^{(1)} \frac{\partial R_{1}}{\partial z}+\overline{v_{r}^{(1)}}-(\frac{1}{2}+\frac{(R_{2}-R_{1})}{6(R_{2}+R_{1})})\Delta v_{r}^{(1)}$
$\frac{\partial R_{2}}{\partial t}$ $=$ $-(v_{z}^{(1)}+v_{z}^{(2)}) \frac{\partial R_{2}}{\partial z}+\frac{1}{2}(\overline{v_{r}^{(1)}}+\overline{v_{r}^{(2)}})$
$+ \frac{1}{2}(\frac{1}{2}-\frac{(R_{2}-R_{1})}{6(R_{2}+R_{1})})\Delta v_{r}^{(1)}-\frac{1}{2}(\frac{1}{2}+\frac{(R_{3}-R_{2})}{6(R_{3}+R_{2})})\Delta v_{r}^{(2)}$
$\frac{\partial R_{3}}{\partial t}$ $=$ $-v_{z}^{(2)} \frac{\partial R_{3}}{\partial z}+\overline{v_{r}^{(2)}}+(\frac{1}{2}-\frac{(R_{3}-R_{2})}{6(R_{3}+R_{2})})\Delta v_{r}^{(2)}$ (17)
$\overline{v_{r}^{(2)}}-\overline{v^{(1)},}$
$=$ $(v_{z}^{(2\rangle}-v_{z}^{(1)}) \frac{\partial R_{2}}{\partial z}$
$+( \frac{1}{2}-\frac{(R_{2}-R_{1})}{6(R_{2}+R_{1})})\Delta v_{r}^{(1)}+(\frac{1}{2}+\frac{(R_{3}-R_{2})}{6(R_{3}+R_{2})})\Delta v_{r}^{(2)}$ (18)
r(l) $=- \frac{r_{\overline{2}}R-R\lrcorner\partial v_{\iota_{-+}}^{\{1)}R\mathrm{a}R\pi_{z}\pi_{2}\overline{\mp}\mathrm{R}_{1}\iota_{\overline{v_{f}^{(1)}}}}{\frac{1}{2}-(R_{2}-r_{1}^{1}R_{2}+RR2}$ (19)
$\Delta v_{r}^{(2)}=-\frac{\mathrm{g}_{-\underline{R}_{l\frac{\partial v^{(2)}}{\theta z}+}\preceq R\overline{2}R_{\theta}^{\mathrm{L}}+\#_{2}^{\overline{v_{\mathrm{r}}^{(2)}}}}-}{\frac{1}{2}-(R_{S}-r_{2}^{2}R_{3}+RR2}$ (20)




$R_{20}=1.0$ , $R_{30}-R_{20}=R_{20}-R_{10}=0.1$ ,
$\sigma 01=\sigma_{12}=\sigma_{23}=1.0$ , $\rho_{1}=\rho_{2}=1.0,$ $\frac{\sigma}{\sigma}A112=\overline{\sigma}_{12}\sigma_{A\ =1.0} \rangle L^{1}\rho \mathrm{z}=1.0$














$N$ $N$ 1 2
$P$
$v_{\mathrm{r}\mathrm{e}\mathrm{f}}=\sqrt{2\sigma_{01}/\rho_{1}R_{20}}$ , $p$ref $=R_{20}/\sigma 01$ , tr f=
$\sqrt{2\sigma_{01}R_{20}/\rho_{1}}$ , 2








4: 2 (a): , (y: , (c):
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\models \supseteqq $’\ovalbox{\tt\small REJECT}^{- 225}$, ’ \supseteqq






’ : $\theta R^{\mathrm{b}\delta 4}\ovalbox{\tt\small REJECT}_{\wedge}-$ $:\cdot-\ovalbox{\tt\small REJECT}^{w\alpha}\sim-\cdot- 4$
5: : : , : , :
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